This study examines the effect of financial crisis on the level of stock market integration. In particular, we investigated the dynamic movements of two regional stock markets, Northeast Asia and Europe during the period between January 1 st , 2000 and December 31 st , 2012, with particular attention placed on the global financial crisis (GFC). For this purpose, the paper employs various approaches including DCC-MGARCH, Risk Decomposition, GVAR, and CCOR models to ensure the robustness of empirical findings. The findings of this study are as follows. First, the Northeast Asian stock market remains independent from the European and global stock market movements during the sample period. Second, the European stock market shows an increasing trend of joint integration with Northeast Asian stock market. However, the level of integration is not economically significant. Third, the level of market integration between European and global stock markets had temporally increased during the GFC. However, the level returned to its pre-crisis level in the post-crisis era. The overall empirical evidence suggests that, for either European or global stock market portfolio, constructing a portfolio with Northeast Asian stock market would result in a more efficient portfolio. The results in this paper do not support the view of previous empirical studies which suggested the increased level of integration since the GFC. An increased integration is found to be only unique to the crisis period. In sum, the market integration is a dynamic process, and the financial crisis did not uniformly affect the level of stock market integration.
Introduction
The advancements in information technology, the rise of multi-national corporations, and the relief of traditional trade barriers have increased the economic linkages across countries and have facilitated the creation of regional economic cooperation. It has been suggested that the capital market integration leads to an efficient financial market by increasing the liquidity and reducing the transaction costs. In addition, an integrated stock market may contribute to the market stabilization because it reduces the market volatility by sharing the macroeconomic shocks. Empirical papers investigating the market integration have been mainly limited to individual stock markets in developed countries. (Note 1) These studies generally point to a higher level of integration among stock markets after macroeconomic shocks such as the recent global financial crisis (GFC) and the 1997 Asian financial crisis. However, the generalization of empirical results needs a caution because they are based on different methodologies, time periods, and countries.
GFC, and the effect is pervasive and tenacious. The European countries are still facing turbulence years and the problem is far from being solved in spite of various efforts made by the ECB's measures. Further actions may be needed to stabilize this regional market, and one of those actions would be the diversification of EU market through increasing its linkages with the growing markets outside the Eurozone such as Northeast Asia which includes China, Japan, and Korea.
China, Japan, and Korea are the EU's second, seventh, and tenth largest trading partners, covering 13.8, 3.6, and 2.1 percent of EU trade, respectively. (Note 2) Currently, the three countries' combined GDP account for about 20 percent of the world's total and 70 percent of Asia's. These three countries recognized the importance of integrated market and started to negotiate the three nations FTA. (Note 3)
If they reach an agreement, an integrated capital market of those three main Northeast Asian countries would become a powerful economic force with the combined Gross Domestic Product (GDP) of $15.4 trillion USD, the second biggest economic force following the NAFTA ($18.6 trillion USD) and bigger than the EU ($12.1 trillion USD), and would strongly affect the world economic markets. To our knowledge, an analysis of stock market integration between Northeast Asian and European stock markets still lacks in the literature. This paper feels the gap in this line of research by investigating the dynamic pattern of stock market movements between these two blocs.
The paper uses various methodological frameworks which analyze the dynamics of stock market integration in order to ensure the robustness of the empirical results. We apply Dynamic Conditional Correlation Multivariate Generalized Autoregressive Conditional Heteroskedasticity (DCC-MGARCH), Risk Decomposition, Generalized Variance (GVAR), and Collective Correlation (CCOR) models to reflect a time-varying integration process and to measure an overall level of aggregate market integration. A major advantage of using DCC-MGARCH model is that it allows for explicit time variation in the correlation matrix of market returns. The Risk Decomposition model is employed to consider the time-varying evolution of stock market linkages by computing the global and regional markets' contribution to a particular bloc's stock market. In addition, GVAR and CCOR models are used to signify the overall market volatility and dependency as scalar measures. The GVAR model helps us to easily compare the overall volatility of various markets across different aggregate markets and the CCOR model is useful to measure the linear dependency between aggregate markets.
Finally, we extend the sample data up to the end of year 2012 to avoid reaching the erroneous conclusion based on a relatively short investigation period. The evidence of increased level of market integration after the GFC seemed obvious at least in short-term perspective as documented in the previous studies. However, the argument is not convincing as it stands because the sample data for the post-crisis period were not sufficient enough to fully reflect the effect of crisis on the level of market integration.
Literature Review
Numerous researches have investigated the stock market integration. Early works in this area analyzed the correlation coefficients across markets and suggested that the integration exists. Longin and Solnik (1995) found that the cross-country stock market correlations in seven major European countries increased over time from 1970 to 1990. Karolyi and Stulz (1996) analyzed the daily stock return co-movements between Japanese and global stock markets from 1988 to 1992 and found evidence that there were significant market co-movements. Johnson and Soenen (2002) studied the equity market integration between Japanese stock market and the other twelve stock markets in Asia and found that those Asian markets were highly integrated with Japanese stock market. They also found that a higher import share as well as a greater differential in inflation rates, real interest rates, and GDP growth rates has negative effects on the stock market co-movements.
However, Forbes and Rigobon (2002) argued that the estimates of cross-market correlations tend to be biased upward especially during a crisis or a turbulence, and that conditional cross-market coefficients do not infer the market interdependence or the contagion. Therefore, they argued that it is not appropriate to distinguish the interdependence, co-movements, or contagion from the correlation relationships when the markets are highly volatile.
out that while a structural break might have occurred in the short run during the Russian crisis, it did not alter the nature of long-run relationships. Lahrech and Sylwester (2011) used DCC-MGARCH and smooth transition models to track how the correlations vary over time across several Latin American stock markets and global stock market. They concluded that co-movements across those stock markets have increased over time, though the magnitude and the speed varied across markets. Dajcman et al. (2012) applied DCC-MGARCH model to examine the co-movement dynamics across the stock markets of U.K., Germany, France, and Austria. They argued that co-movements across market returns are time-varying, and that the GFC did not uniformly increase the degree of co-movements across stock market returns at all scales. Kazi et al. (2013) applied DCC-MGARCH model and investigated the co-movements between global stock market and sixteen OECD countries' stock markets to examine whether there were any shifts in the pattern of contagion effects after the GFC. They found significant evidence of shift-contagion effects arose from the GFC in most of the OECD stock markets, except Japan, Germany, Italy, and the United Kingdom.
Another group of papers used asset pricing models regarding the market integration. Bekaert and Harvey (1995) applied an asset pricing technique and proposed a measure of capital market integration arising from a conditional regime-switching model. They found that a number of emerging markets exhibit time-varying integration. They argued that there were several cases to indicate a decreasing trend of integration between stock markets. De Gerard (1997, 1998) investigated how the expected benefits of international diversification respond to changing market conditions within conditional International Capital Asset Pricing Model (ICAPM) and parsimonious MGARCH process. They found that severe U.S. market declines are contagious at the international market level as the integration of international financial markets increases. Akdogan (1996 Akdogan ( , 1997 developed the risk decomposition model to measure the degree of capital market segmentation. Barari (2004) applied a risk decomposition model to investigate the degree of integration for Latin American stock markets. He found an increasing trend towards the regional market integration relative to the global market integration until the mid-1990s but an increasing trend towards global market integration versus regional market integration during the second half of the 1990s. Bekaert, Harvey, and Ng (2005) proposed a two-factor (global and regional) model to examine the equity market contagion during the period of Mexican and Asian crisis in 1990s. They found no evidence of additional contagion caused by the Mexican crisis. However, they found economically meaningful increases in residual correlation in Asia during the Asian foreign currency crisis. De Jong and De Roon (2005) developed a factor asset pricing model and found that emerging stock markets have become more integrated with global stock markets. Hunter (2006) used a multivariate GARCH-in-Mean asset-pricing model on three Latin American markets: Argentina, Chile and Mexico. He found that these markets have not become integrated into global stock market in the decade after the liberalization.
Finally, several studies investigated the effects of structural changes in the economy on the dynamic linkages of stock returns. Westermann (2004) showed that the introduction of the Euro shifted the linkages across stock markets in the Eurozone. Kim et al. (2005) used an exponential GARCH (EGARCH) model and found that the level of market integration and the market stability increased in the post-Euro era. They argued that observed shifts in the level of market integration after the post-Euro era reflected the overall macroeconomic convergence process associated with the single currency. Celik (2012) used DCC-MGARCH analysis to examine the existence of contagion across foreign exchange markets of several emerging and developed countries during the GFC. They found the evidence of contagion effects for the most of developed and emerging markets and argued that the emerging markets are mostly influenced by the contagion effects during the crisis period. Jones and Olson (2013) used an uncertainty index within the framework of DCC-MGARCH to evaluate the time varying correlations among macroeconomic uncertainty, inflation, and output. They found that the sign of correlation between macroeconomic uncertainty and inflation changed from negative (-) to positive (+) during the late 1990s, whereas the sign of correlation between uncertainty and output was consistently negative (-). Antonakakis et al. (2013) applied DCC-MGARCH model to examine the dynamic correlations of stock market returns, implied volatility, and policy uncertainty, and found that the correlations are time-dependent and sensitive to global recessions.
Methodologies
In this study, we employ various approaches to analyze the stock market integration. Each model is discussed in the following sections.
Risk Decomposition Model
We followed the basic framework of a risk decomposition model suggested by Akdogan (1996 Akdogan ( , 1997 and Barari (2004) to measure a differential level of market integration across capital markets. For time-varying evolution of www.ccsenet.org/res Review of European Studies Vol. 6, No. 1; stock market linkages, the proposed measure is based on computing the contribution of the world and regional benchmark portfolios to a given market's systematic risk. The integration score is calculated as the fraction of systematic risk in total risk. Consider the following single index return-generating model of the
where i R is the rate of return on the th i region, r R and w R are the rates of return on the benchmark regional and world portfolios, respectively. r q is orthogonal to w R and is obtained as residuals from the equation (2).
The model allows us to effectively break down the rate of return on the th i region into three components: (1) a component that is perfectly correlated with the rate of return on the other regional market, (2) a component of the world market rate of return that is uncorrelated with the rate of return on that regional market, and (3) 
Dynamic Conditional Correlation
The DCC model estimates the time-varying stock market correlation coefficients. We used multivariate GARCH framework to capture dynamic correlation patterns and spillover effects. A major advantage of using DCC-MGARCH model is that we can detect the changes in conditional correlations over time when the state of economy changes and that the model accounts for the time-varying volatility behavior of the data series. In addition, we employed GJR model to consider asymmetric market volatility. (Note 4)
The model is specified as follows:
In equation (3), a significant coefficient indicates that the market j leads the market i . In equation (4) and suggested a scalar measure of the overall variance. The model compares the overall volatility of various markets across different aggregate markets. The squared root of GVAR is a Generalized Standard Deviation (GSD). However, it is hard to directly compare the variance because the GVAR tends to be biased upward as the size of portfolio increases. To overcome this problem, Pena and Rodriquez (2003) suggested the Effective Variance (EVAR) and Effective Standard Deviation (ESD).
(6)
As the variance-covariance matrix, Σ , indicates the variance of overall market, the correlation matrix, R , indicates the linear independency. In contrast, Collective Correlation (CCOR) measures the linear dependency of overall market. However, the difficulty of comparing the matrices with different dimensions still exists. Pena and Rodriquez (2003) suggested the effective correlation (ECOR) to deal with this problem.
The overall volatility and dependency of portfolios are expressed by scalar measures. (Note 7) 4. Data and Sample Statistics Table 1 reports the basic descriptive statistics for the data. The global stock market displays the highest mean return with a higher standard deviation than that of the European stock market, and with a lower standard deviation than that of the Northeast Asian stock market. In addition, the mean return for each market is equal to zero, and ANOVA F-statistic indicates that the mean returns are not different across the market. The hypothesis tests for zero mean return indicate that the markets are fairly efficient. , 2012. The data were collected from Yahoo/Finance (finance.yahoo.com) and World Bank (worldbank.org), and the returns were calculated as the continuously compounding rates of returns. Since there is a time lag between the global and Northeast Asian stock markets, we adjusted the date of S&P500 data by deferring one day (i.e., 2000/01/01 data of S&P500 is deferred to 2000/01/02). Jarque-Bera test-statistics reject the normality under 1% significance level.
According to Table 2 , showing the unconditional correlations, the European (the global) market is more correlated with Northeast Asian market than with global (the European) market. Figure 1 emphasizes the importance of Northeast Asian stock market by showing the close relationships of Northeast Asian stock market with European and global stock market. In addition, Figure 1 shows a downward pattern of stock market co-movements after the GFC; however, it needs further in-depth analysis to be confirmed. , and * represent the levels of significance at 1%, 5%, and 10% respectively. For unconditional correlation, the European (the global) market is more correlated with Northeast Asian market than with global (the European) market. Table 3 provides the estimated historical integration scores for two regional stock markets: Northeast Asia, and Europe. The integration scores indicate that, for the pre-crisis period, regional markets had a low level of integration with the other regional markets with a high degree of unsystematic region-specific risks. During the crisis period, there is no evidence that the level of integration between Northeast Asian stock market and European stock market has increased. However, it is interesting to see that the Northeast Asian stock market showed a segmented trend with global stock market during the crisis period, whereas the European stock market showed an increased level of integration with global stock market. During the post-crisis period, we found an evidence of increased integration between Northeast Asian and European stock markets. Table 3 also indicates that the Northeast Asian stock market remains independent from the global stock market movements during the post-crisis period. On the contrary, the level of integration of European stock market with global stock market dropped sharply in the post-crisis period. Figure 2 shows that the daily movements of Northeast Asian stock market are mainly influenced by the unsystematic risk of the region during the entire sample period. However, the influence of global stock market movements on the European stock market seems to rise during the crisis period. Description: The Northeast Asian stock market has higher proportion of unsystematic risk to its total risk than that of the European stock market, indicating that an integrated market of Northeast Asia is relatively independent from the global stock market movements. Table 4 shows the coefficients of mean and variance equations estimated by a multivariate DCC-VAR-GJR-GARCH model which examines the dynamics of contagion. 
Empirical Results
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ConditionalVariance I Description: *** , ** , and * represent the levels of significance at 1%, 5%, and 10% respectively. Standard errors are in parentheses. For the entire sample period, the asymmetric volatility measure, i  , is significant in all three markets. It implies that the bad news cause a higher volatility than that caused by the good news. The high volatility persistency (from 0.89 to 0.95), i  , indicates that a shock occurred in the past tends to persist. For
Northeast Asian stock market, 1,2  , is significantly positive (0.3633) which shows a positive price spillover effect from European stock market. There is a negative price spillover effect ( 1,3  = -0.0597) from global stock market to the region. For European stock market, there is a negative price spillover effect ( 2,1  = -0.0366) from Northeast Asian stock market. The price spillovers from the global stock market to the European stock market is insignificant ( 2,3  = 0.0062). For global stock market, positive price spillover effects come from both Northeast Asian ( 3,1  = 0.0291) and European stock markets ( 3,2  = 0.5108). In sum, the European stock market positively affects Northeast Asian and global stock markets in terms of price. The global stock market positively affects the Northeast Asian market. Opposite feedback effects exist between Northeast Asian and European stock markets, and between Northeast Asian and global stock markets. The results suggest that addition of the Northeast Asian stocks to the global and/or European markets can lead to a possibility of constructing a more efficient portfolio. In terms of market volatility, the Northeast Asian stock market is independent from the global stock and European stock market movements. However, the European stock market shows a negative volatility spillover effect ( 2,1  = -0.0166) from Northeast Asian stock market and an insignificant volatility spillovers from global stock market. There is a positive volatility spillover effect ( 3,2  = 0.0140) from European stock market to global stock market. These results again confirm the benefit of adding Northeast Asian stocks to the global and European stocks to enhance the efficiency of the existing portfolio. *** , ** , and * represent the levels of significance at 1%, 5%, and 10% respectively. Standard errors are in parentheses. The price spillover effect from European stock market to Northeast Asian stock market has increased from the pre-crisis period 1,2  of 0.3411 to the post-crisis period 1,2  of 0.4035. The price spillover effect from Northeast Asian stock market to European stock market has increased (in absolute value) from the pre-crisis period 2,1  of -0.0167 to the post-crisis period 2,1  of -0.0819. The results imply that the GFC strengthened the price spillovers between these two regional markets. On the contrary, the price spillover effect from global stock market to Northeast Asian stock market has decreased from the pre-crisis period 1, 3  of -0.0733 to the post-crisis period 1, 3  of -0.0031. The price spillover effect from Northeast Asian stock market to global stock market has also decreased from the pre-crisis period 3,1  of 0.0290 to the post-crisis 3,1  of 0.0062. The results might be due to the relatively independent movement of Chinese market in Northeast Asia region during the post-crisis period. (Note 10)
The evidence shows that the GFC weakened the price spillovers between European stock market and Northeast Asian stock market. The price spillover effect from European stock market to global stock market has increased from the pre-crisis period 3,2  of 0.4448 to the post-crisis period 3,2  of 0.6025, indicating that the GFC intensified the spillovers between these two markets. The volatility spillover effect from European stock market to Northeast Asian stock market has decreased from the pre-crisis period 1,2  of 0.0189 to the post-crisis period 1,2
 of -0.0132. The volatility spillover effect from Northeast Asian stock market to European stock market has also decreased (in absolute value) from the pre-crisis period 2,1  of -0.0262 to the post-crisis period 2,1  of -0.0188. The results suggest that the GFC has decreased the volatility spillovers between these two regional markets. On the contrary, the volatility spillover effect from global stock market to Northeast Asian stock market has increased from the pre-crisis 1,3
 of -0.0062 to the post-crisis 1,3  of 0.0962. The volatility spillover effect from Northeast Asian market to global stock market has also increased from the pre-crisis 3,1  of 0.0040 to the post-crisis 3,1  of 0.0420. The results indicate that the GFC boosted the volatility spillover between these two markets. The volatility spillover effect from global stock market to European stock market has increased from the pre-crisis period 2,3  of 0.0128 to the post-crisis period 2,3  of 0.0191. The volatility spillover effect from European stock market to global stock market has increased from the pre-crisis period 3,2  of 0.0069 to the post-crisis period 3,2  of 0.0442. These results suggest that the GFC has decreased the volatility spillover from global stock market to European stock market and has increased the effect from European stock market to global stock market.
To sum up, the 2008 GFC severely affected the dynamics of contagion and integration process in stock markets. The patterns of the effect of financial crisis differed from market to market, and the crisis did not uniformly affect the stock market integration. Overall results imply that the Northeast Asian stock market can play a critical role to create a more efficient portfolio by diversifying the risks of European and global stock markets. This implication will be further investigated by the following analysis of DCC model.
DCC Analysis
The conditional correlation coefficients estimated from DCC and CCC models are plotted in Figure 3 . The CCC coefficients show that the correlation coefficients increased sharply after the GFC except the correlation between European and global stock markets. However, the DCC coefficients strongly suggest that the increased correlations among the stock markets during the financial crisis period have been significantly decreased in the post-crisis era and that the global stock market movements have been shifting towards the market segmentation. Again, the results imply that Northeast Asian stock market is useful to diversify the risks of the existing portfolios of European and global stock markets. Description: The CCC coefficients indicate that the correlation coefficients increased sharply after the GFC, except the case between European and global stock markets. However, the DCC coefficients strongly suggest that the increased correlations among the stock markets during the financial crisis period have been significantly decreased in the post-crisis era.
Overall Market Volatility and Correlation
According to Figure 4 , the GSD indicates that the overall volatility increased sharply during the crisis and that the high volatility persisted to some extent. The GSD, however, does not effectively capture the effects of shocks such as the 911 terror in 2001, Enron scandal in 2002, and Chinese asset market bubble in 2006 because the impact of GFC was too big to reflect the other events. To overcome this problem, we measure ESD which corrects the scale bias. The results of CCOR and ECOR models are plotted in Figure 5 . Unlike the previous studies which presented evidence of accelerated integration after the GFC, the results of this study show that global stock markets shifted the trend towards market segmentation in the post-crisis era and that the higher degree of integration was just temporary phenomena during the crisis period only. The results of these models confirm the results from the DCC analysis. The evidence shows that the overall market correlation was increased during the crisis period and it was decreased steadily during the post-crisis period. 
Summary and Conclusions
In recognition of the importance of economic linkages in the regional countries, the European countries created the European Union and integrated the capital markets in the region. However, the benefits of capital market integration in the region have been severely affected by the 2008 GFC, and the effect is pervasive and tenacious. The problem is far from being solved in spite of various historic measures adopted by European Union to stabilize the market and to stimulate the stagnant economies. This paper explores a possibility of diversification benefit of EU market through its linkages with the Northeast Asian market to secure the stability of European market by investigating the pattern of integration between these two markets.
The three main Northeast Asian countries, China, Japan, and Korea, are in the process of negotiating FTA. It is expected that the three nations FTA would lead to a competent capital market by facilitating more capital and new investment opportunities in the region. However, despite the importance of these two economic blocs, EU and Northeast Asian markets, there have been no empirical studies to investigate the stock market integration process in these two blocs. In this paper, we investigated the dynamic patterns of stock market integration in Northeast Asia and Europe with a special attention focused on the effect of financial crisis on the level of integration. The primary findings of this study are as follows: First, the Northeast Asian stock market remains independent from the European and global stock market movements. Second, the European stock market shows an increasing trend of joint integration with Northeast Asian stock market. However, the level of integration is not economically significant. Third, the level of market integration between European and global stock markets had temporally increased during the GFC. However, the level returned to its pre-crisis level in the post-crisis era.
The overall evidence suggests that, for either European or global stock market portfolio, constructing a portfolio with Northeast Asian stock market would result in a more efficient portfolio and would lead to a significant decline in unsystematic risk. The results in this paper do not support the findings of previous studies which showed the increased level of integration since the GFC. An increased integration is found to be only unique to the crisis period. In sum, the market integration process seems to be dynamic, and the financial crisis did not uniformly affect the pattern of stock market integration. The effect of financial crisis on the market integration is different from market to market.
